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EO  INTRODUCTION 

The  existing  wall  configuration  of  the  National  Aeronautics  and  Space  Administration 
(NASA)  11-  by  11-ft  and  14-  by  14-ft  transonic  tunnels  consists  of  longitudinal  slots  with 
transverse  baffles  which  are  a  source  of  discrete  frequency  acoustic  noise  of  high  intensity 
(Refs.  1  and  2). 

In  the  search  for  a  possible  improvement  to  slot  geometry  that  would  eliminate  the  noise 
and  improve  the  wall  interference  characteristic,  a  preliminary  study  was  undertaken  at  the 
Arnold  Engineering  Development  Center  (AEDC)  in  the  Acoustic  Research  Tunnel  (ART) 
to  determine  effects  of  the  baffle  inclination  angle,  depth,  and  shape.  That  study  concluded 
that  a  combination  of  45-deg  baffle  inclination  with  a  wire  screen  mesh  overlay  on  the 
airstream  side  of  the  tunnel  wall  would  be  effective  in  reducing  the  noise  levels.  However, 
the  slot  size  selected  for  the  investigation  was  not  scaled  with  respect  to  wall  boundary-layer 
thickness  or  tunnel  size. 

The  present  study  was  conducted  to  investigate  and  verify  the  noise  reduction  with 
properly  scaled  hardware  and  to  identify  the  aerodynamic  characteristics  of  the  baffle-slot 
with  respect  to  a)  flow  generation  and  wave  cancellation  properties  and  b)  subsonic  wall 
interference  alleviation  capabilities.  Tests  were  conducted  in  the  Acoustic  Research  Tunnel 
and  the  Aerodynamic  Wind  Tunnel  (IT)  for  six  baffle  inclination  angles  with  and  without 
screen  overlays  at  Mach  numbers  from  0.2  to  1.4. 

2.0  APPARATUS 

2.1  ACOUSTIC  RESEARCH  TUNNEL 

The  Acoustic  Research  Tunnel  (ART)  is  an  open-circuit  atmospheric  indraft  tunnel  that 
operates  on  the  plenum  evacuation  system  (PES)  of  the  16-ft  Transonic  Tunnel  (16T).  The 
ART  is  capable  of  operation  over  the  Mach  number  range  from  0.10  to  1.10.  Ventilated  test 
section  walls,  wall  divergence,  and  plenum  suction  are  required  at  Mach  numbers  above  0.7. 

The  standard  configuration  of  the  ART  consists  of  a  converging  nozzle  with  a 
contraction  ratio  of  16,  a  6-in. -square  by  24-in. -long  test  section,  and  a  5-deg  diffuser.  The 
ART  was  designed  for  the  study  of  the  acoustic  characteristics  of  transonic  wind  tunnel 
walls.  Therefore,  mechanical  vibration  isolation  joints  and  acoustic  mufflers  were  installed 
in  the  exhaust  line  to  minimize  disturbances  originating  in  the  tunnel  compressors.  A 
honeycomb  and  a  fine  mesh  screen  are  used  irt  the  stilling  chamber  to  provide  a  uniform 
flow  in  the  test  section.  Further  details  concerning  the  ART  can  be  found  in  Ref.  3. 
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The  basic  instrumentation  for  the  acoustic  tests  performed  in  the  ART  consisted  of  a 
pressure  measurement  system,  a  sidewall  microphone,  and  a  spectrum  analyzer. 

The  pressure  measurement  system  used  a  15-psid  strain-gage  transducer  to  convert  tunnel 
pressures  to  a  d-c  voltage  signal.  The  output  of  the  transducer  was  displayed  on  a  digital 
voltmeter.  The  tunnel  pressures  were  connected  to  the  transducer  via  two  12-port  scanning 
valves.  The  principal  pressures  measured  during  the  acoustic  tests  were  the  tunnel  total 
pressure,  tunnel  static  pressure,  and  plenum  pressure.  Tunnel  static  pressures  were  measured 
at  1-in.  intervals  along  the  sidewall  of  the  test  section.  The  orifice  located  1 .5  in.  upstream  of 
the  microphone  (as  shown  in  Fig.  1)  was  used  as  a  reference  to  set  tunnel  flow  conditions. 

A  0. 25-in. -diam  Bruel  &  Kjaer®  Model  4136  condenser  microphone  was  used  to  measure 
the  tunnel  sound  pressure  level.  The  microphone  was  flush  mounted  to  the  sidewall  of  the 
test  section  at  station  17.5  in.,  as  shown  in  Fig,  1.  The  output  of  the  microphone  was 
displayed  on  a  Hewlett-Packard®  RMS  digital  voltmeter.  A  frequency  analysis  was 
performed  on  the  microphone  output  at  each  operating  condition  using  a  real-time  Fourier 
spectrum  analyzer  with  32  ensemble  averages.  Sharp  peaks  in  the  spectra  were  identified  and 
then  recorded  with  Polaroid®  photographs. 

2.2  AERODYNAMIC  WIND  TUNNEL 

The  AEDC  Aerodynamic  Wind  Tunnel  (IT)  is  a  continuous  flow,  nonreturn  wind  tunnel 
equipped  with  a  two-dimensional  nozzle  and  an  auxiliary  plenum  evacuation  system.  The 
Mach  number  range  is  from  0.2  to  1.5;  variable  nozzle  contours  are  used  at  and  above  Ma 
=  1.1.  The  tunnel  total  pressure  is  nominally  2,850  psfa.  The  stagnation  temperature  is 
varied  from  80  to  120°F  above  ambient  temperature  as  necessary  to  prevent  occurrence  of 
visible  condensation. 

The  test  section  is  composed  of  four  removable  walls  for  a  test  region  37.5  in.  in  length 
and  12  by  12  in.  in  cross  section.  The  top  and  bottom  walls  are  supported  by  flexures  at  the 
nozzle  exit  and  screw  actuators  at  the  downstream  end  to  allow  variations  in  wall  angle.  For 
this  investigation,  the  tunnel  was  converted  to  a  two-dimensional  configuration  by 
incorporating  solid  sidewalls,  one  of  which  had  longitudinal  lines  of  static  pressure  orifices 
on  the  centerline  (2-in.  spacing)  and  5  in.  above  the  centerline  (1-in.  spacing).  Vertical  lines 
of  pressure  orifices  (1-in.  spacing)  were  located  at  tunnel  stations  1  and  32.  (Tunnel  station 
refers  to  the  distance  in  inches  from  the  nozzle  exit). 

Three  distinct  test  section  arrangements  were  utilized:  (1)  baffle-slot  ventilated  specimens 
as  the  top  wall  (see  Section  2.3)  for  documentation  of  the  flow  generation  properties  with  a 


6 


A  EDC-TR-79-59 


flat  bottom  wall;  (2)  a  baffle-slot  top  wall  with  a  2-deg  wedge  plate  as  the  bottom  wall  for 
documentation  of  the  supersonic  wave  cancellation  properties;  and  (3)  a  baffle-slot  top  wall 
with  a  contoured  bottom  wall  for  documentation  of  the  basic  subsonic  wall  characteristics. 

The  plenum  chamber  reference  pressure,  tunnel  total  pressure,  and  diffuser  exit 
pressures  were  measured  by  15-psid  strain-gage  transducers.  Wall  static  pressures  were 
measured  by  15-psid  strain-gage  transducers  using  five  modular  48-port  Scanivalves®.  The 
tunnel  total  temperature  was  measured  by  an  iron-constantan  thermocouple.  The 
instrumentation  readings  were  recorded  by  an  online  computer  system  which  reduced  the 
raw  data  to  engineering  units,  computed  pertinent  parameters,  and  tabulated  the  results. 
The  raw  data  were  also  recorded  on  punched  paper  tape  for  subsequent  processing  on  the 
AEDC  central  computer  system. 

2.3  WALL  SAMPLES 

The  slotted  walls  in  the  NASA/ Ames  transonic  tunnels  are  formed  by  10-in.  structural 
steel  channels  laid  side  by  side  with  a  gap  of  0.625  in.  between  the  flanges.  The  dimensions  of 
scaled  channels  of  the  top  and  bottom  wall  inserts  for  ART  are  given  in  Fig.  2  with  the 
various  baffle  angles  as  shown  in  Fig.  3.  The  upstream  end  of  the  baffle-slot  was  partially 
covered  with  a  tapered  strip  to  provide  a  smooth  transition  from  the  nozzle  exit  as  illustrated 
in  Fig.  4.  The  walls  utilized  in  Tunnel  IT  had  four  slots  with  the  same  slot  spacing,  beginning 
at  tunnel  station  2.  The  screen  overlay  used  in  both  tunnels  was  40  by  60  mesh  with 
0.0065-in.  wire  diameter.  The  configuration  combinations  tested  during  each  phase  are 
noted  in  Table  1.  Two  baffle  depths  (shallow  and  deep)  were  evaluated  at  a  baffle  angle  of 
15  deg  as  noted  in  Table  1  and  Fig.  2. 

3,0  PROCEDURE 


3.1  ACOUSTIC  TESTS 

Prior  to  each  run,  the  condenser  microphone  was  calibrated  in  situ  by  application  of  a 
140-db  sound  pressure  level  at  a  frequency  of  1  kHz.  The  piston  phone  used  for  calibration 
had  a  certified  accuracy  of  ±0.5  db.  The  spectrum  analyzer  was  calibrated  using  an 
internally  generated  signal  according  to  procedures  supplied  by  the  manufacturer. 

Test  conditions  were  established  using  standard  ART  procedures.  Data  were  acquired  at 
Mach  numbers  from  0.2  to  0.85. 

Performance  levels  of  each  wall  configuration  were  quantified  using  the  integrated  root- 
mean-square  fluctuating  pressure  normalized  by  the  test  section  dynamic  pressure  as  a  figure 
of  merit,  expressed  as  a  percentage. 
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3.2  AERODYNAMIC  TESTS 

Although  the  operating  characteristics  of  transonic  wind  tunnels  are  dependent  on  the 
ventilated  wall  geometry,  this  test  used  standard  Tunnel  IT  procedures  for  setting  test 
conditions.  The  nominal  Mach  number  was  defined  on  the  basis  of  an  isentropic  expansion 
from  the  tunnel  total  pressure  to  the  plenum  chamber  pressure,  and  the  total  pressure  ratio 
across  the  test  leg,  X,  was  varied  as  a  function  of  the  Mach  number  according  to  the  schedule 
given  in  Fig.  5.  The  result  of  this  procedure  is  that  the  Mach  number  in  the  test  section  dif¬ 
fers  from  the  nominal  Mach  number  dependent  on  wall  geometry.  Moreover,  longitudinal 
gradients  in  Mach  number  at  the  rear  of  the  test  section  were  also  wall  dependent.  Flowever, 
this  test  procedure  allowed  direct  comparisons  of  the  ventilated  wall  characteristics. 

The  data  were  acquired  at  discrete  plenum  Mach  numbers  as  listed  below: 


Test  Phase 

Mach 

Number 

Flow 

Generation 

0.6 

to 

1,4 

Wave 

Cancellation 

0.8 

to 

1.3 

Wall 

Characteristics 

0.5 

to 

0.9 

The  corresponding  range  of  Reynolds  numbers  is  given  in  Fig.  6. 

For  the  flow  generation  phase,  the  static  pressure  on  the  tunnel  sidewall  centerline  was 
selected  as  the  primary  indicator  of  longitudinal  flow  uniformity,  and  a  figure  of  merit  was 
defined  as 


AM 


£ 


2 


1 

IT 


The  summations  extended  from  tunnel  stations  10  to  30. 


(1) 


For  the  wave  cancellation  phase,  the  static  pressures  downstream  of  the  wedge  shoulder 
were  used  as  the  primary  indicator  of  the  wave  cancellation  characteristic  of  the  ventilated 
wall,  and  a  figure  of  merit  was  defined  as 


where  the  summations  extended  from  tunnel  stations  13  to  35. 
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3.3  WALL  CHARACTERISTICS  EVALUATION 

The  performance  of  ventilated  walls  has  conventionally  been  presented  as  the  locus  of 
local  pressure  coefficient  versus  local  flow  angle  and  has  been  termed  the  wall  characteristic. 
A  method  of  evaluating  this  characteristic  without  measurement  of  flow  angles  is  given  in 
Ref.  4  and  is  the  basis  for  the  present  study.  Briefly,  the  technique  consists  of  the  following 
procedure: 

1.  Experimentally  establish  two-dimensional  flow  between  a  ventilated  wall  sample 
and  a  contoured  solid  wall; 

2.  Measure  the  static  pressure  distributions  at  convenient  upstream  and 
downstream  locations,  on  the  contoured  wall,  and  along  a  streamwise  line  in  the 
vicinity  of  the  ventilated  wall; 

3.  Using  the  measured  pressures  as  boundary  conditions,  solve  for  the 
interior  flow  field  compatible  with  the  transonic,  two-dimensional,  small 
perturbation  potential  equation  as  follows: 

[l  -M2  -(y  +  l)M2  «Dx]  $xx  +  $yy  =  0  (3) 

4.  Compute  the  flow  angle  distribution  in  the  vicinity  of  the  ventilated 
wall  as  follows: 

0T(x,  h)  =  $y(x,  h)  (4) 

Given  the  measured  static  pressure  distribution  CPT(x,h)  and  the  inferred  flow  angle 
distribution  0T(x,h),  it  is  possible  to  compute  the  distribution  of  these  parameters  which 
would  exist  in  an  environment  free  of  wall  interference  —  the  desired  wall  characteristic  — 
using  the  one-step  adaptive  wall  equations  of  Lo  and  Kraft  (Ref.  5).  These  relations  may  be 
written  as 


1  fih 

C_  (x,h)  =  -^C  (x,h)  -  V 


PlF 


2  Pi 


/ 


c  (£h)  df 

P  rp 

(2(3h)2  +(£-x)2 


1 

77/3 


0T(£h)  (£_x)  d£  ,  0T(£h)df 

+  ^6  J 


(2j3h)2  +(£— x)‘ 


(5) 
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@IF(x,h) 


2 


0T(x,  h) 


/3h 


oo 


/ 


—  CO 


0TU\h)  d£ 
(2/3h)2  +({-x)2 


c  (£.  h)  (f-  x)  df 

PT  /3 

( 2/S  h) 2  +  (£-x)2  477 


/ 


— OO 


c  (£h)  d£ 

E  rp 

x-f 


(6) 


These  integrals  were  numerically  evaluated  with  extrapolation  of  the  tunnel  values  to 
upstream-downstream  infinity  assumed  to  be  exponential  decay  from  the  measurement  end 
points.  Examination  of  other  means  of  extrapolation  showed  the  results  to  be  reasonably 
independent  of  the  method  of  extrapolation.  It  should  be  noted  that  the  Cp-d  locus  for 
interference-free  flow  is  not  unique  but  is  weakly  affected  by  the  effective  contour  of  the 
bottom  wall  as  influenced  by  wall  interference. 

To  quantify  the  deviation  of  the  measured  characteristic  from  the  desired  characteristic, 
a  figure  of  merit  was  constructed  as 

a(cp,«)  -  r3  +  4r6 

where 

r2  =  r2  -  r2 

1  3  1 1  l2 


r2  =  r2  -  r2 


32 


r„  =  —  f  (c  -c  )dx 

2  31  J  V  PT  PIF/ 

x=l 


x—  1 
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Note  that  the  flow  angle  deviation  is  weighted  by  a  factor  of  four  to  yield  a  magnitude 
comparable  to  the  pressure  coefficient  deviation. 

3.4  PRECISION  OF  RESULTS 


The  uncertainties  (combinations  of  systematic  and  random  errors)  of  the  basic  tunnel 
parameters  were  established  from  repeat  calibration  of  the  instrumentation  and  from  the 
repeatability  and  uniformity  of  the  test  section  flow  during  tunnel  calibration.  Uncertainties 
in  the  instrumentation  systems  were  estimated  from  repeat  calibration  of  the  systems  against 
secondary  standards  whose  uncertainties  are  traceable  to  the  National  Bureau  of  Standards 
calibration  equipment.  The  instrument  uncertainties  were  combined  using  the  Taylor  series 
method  of  error  propagation. 

The  uncertainties  in  the  results  are  given  below. 


c 

p 
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M 

CO 

±0.005 

AM 

<L 

±0.0013 

M 

c 

±0.005 

AC 

P 

rms 

±0.2 

AM 

w 

±0.0008 

Me 

-  M  ±0.002 

r 

A(C  ,  0) 

±0.003 

0 

±0.002 

4.0  RESULTS  AND  DISCUSSION 

4.1  ACOUSTIC  CHARACTERISTICS 

Data  were  obtained  through  the  Mach  number  range  from  0.2  to  0.85  to  evaluate  the 
acoustic  characteristics  of  various  slot-baffle  angles.  Measurements  included  the  overall  test 
section  sould  pressure  level  and  the  detailed  frequency  content  of  the  noise.  Each  baffle 
angle  configuration  was  evaluated  with  and  without  a  wire  mesh  overlay. 

4.1.1  0-deg  (Normal)  Baffle 


The  acoustic  characteristics  of  the  0-deg  (normal)  baffle  are  shown  in  Fig.  7.  The  noise 
spectra  at  several  Mach  numbers  are  shown  in  Fig.  7a.  The  test  section  noise  content  is 
predominantly  broad  band  with  only  a  weak,  wall-induced,  discrete  spike  at  approximately 
16  kFIz  at  Mach  numbers  from  0.8  to  0.7.  Note  that  the  relative  amplitudes  of  the  spectra  are 
not  comparable  between  different  Mach  numbers  because  of  the  use  of  different  gain 
settings  on  the  analyzer.  The  sound  pressure  level,  Fig.  7b,  increases  monotonically  through 
the  Mach  number  range  0.2  to  0.85  with  a  fluctuating  pressure  coefficient  (ACPrms)  variation 
from  0.8  to  1.2  percent.  Also  shown  in  Fig.  7b  are  the  measured  ACp  values  for  a  solid 
wall  test  section  and  the  0-deg  baffle  configuration  with  a  wire  mesh  overlay.  The  wire  mesh 
attenuated  the  noise  and  yielded  a  sound  pressure  level  slightly  below  that  for  the  solid  wall. 
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4.1.2  15-deg  Baffle 

Both  shallow  and  deep  15-deg  baffle  configurations  were  evaluated,  and  their 
characteristics  are  shown  in  Fig.  8.  The  noise  spectra  for  the  shallow  baffle  (Fig.  8a) 
indicate  a  weak  discrete  frequency  spike  at  16  kHz  at  Mach  numbers  below  0.5.  There  is  a 
large  magnitude  discrete  frequency,  wall-induced  tone  at  approximately  9  kHz  at  Mach 
number  0.5  as  well  as  large  low  frequency  disturbance  at  Mach  number  0.85.  (These  large 
acoustic  disturbances  are  also  illustrated  in  Fig.  8c,  which  shows  a  significant  increase  in  the 
sound  pressure  level.)  The  noise  spectra  for  the  deep  baffle  (Fig.  8b)  contained  discrete 
frequency  spikes  at  8.4  and  16  kHz  at  Mach  numbers  above  0.4.  The  peaks  for  the  deep 
baffle  were  not  as  large  near  Mach  number  0.5  as  were  those  for  the  shallow  baffle,  as  Fig. 
8c  shows;  however,  they  were  sufficiently  large  to  cause  the  sound  pressure  level  to  exceed 
that  for  the  shallow  baffle  at  Mach  number  0.6  and  above.  The  screen  overlay  was  effective 
in  suppressing  the  wall-generated  noise,  yielding  the  same  sound  pressure  levels  for  both 
configurations,  as  indicated  in  Fig.  8c. 

4.1.3  30-deg  Baffle 

The  acoustic  characteristics  of  the  30-deg  baffle  configuration  are  shown  in  Fig.  9.  The 
frequency  content  of  the  test  section  noise  (Fig.  9a)  is  dominated  by  relatively  broadband, 
low-frequency  energy,  which  is  generally  associated  with  a  wall/plenum-coupled  resonance 
phenomenon.  The  sound  pressure  level  is  shown  in  Fig.  9b.  Although  there  are  no 
significant  resonant  peaks  as  with  the  15-deg  shallow  baffle,  the  overall  sound  pressure 
level  is  higher  than  that  for  the  baffle  configurations  of  smaller  angles. 

The  wire  mesh  overlay  was  effective  in  suppressing  the  noise  generation  of  the  wall,  Fig. 
9b.  As  with  the  other  configurations,  the  sound  pressure  level  with  the  overlay  is  reduced  to 
a  value  slightly  below  the  solid  wall  reference  configuration. 

4.1.4  45-deg  Baffle 

The  acoustic  characteristics  of  the  45-deg  baffle  configuration  are  shown  in  Fig.  10.  As 
with  the  30-deg  baffle,  the  frequency  content  of  the  test  section  noise  is  predominantly 
broadband,  low-frequency  energy  (Fig.  10a).  The  magnitude  of  the  low-frequency  noise  is 
sufficiently  large  to  cause  the  sound  pressure  level  to  be  larger  than  that  for  the  smaller 
baffle  angles,  particularly  at  Mach  numbers  0.6  and  0.8  (Fig.  10b).  The  wire  mesh  overlay 
attenuated  the  noise  and  yielded  a  sound  pressure  level  similar  to  that  of  the  other 
configurations  with  the  wire  mesh  overlay. 
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4.1.5  Effects  of  Screen  Overlay  and  Baffle  Angles 

The  differences  in  spectra  for  the  standard  depth  baffles  with  and  without  screen  are 
shown  in  Fig.  11.  The  screen  was  effective  in  suppressing  both  the  high-frequency,  wall¬ 
generated  noise  and  the  low-frequency,  wall/plenum-coupled  resonance.  At  all  test 
conditions  the  noise  spectra  with  the  screen  overlay  was  regular  and  devoid  of  any  significant 
discrete  frequency  spikes. 

In  summary,  a  comparison  of  the  noise  levels  measured  with  each  configuration  is  given 
in  Fig.  12  as  a  function  of  baffle  angle  at  discrete  Mach  numbers.  Without  the  screen, 
ACP  increases  with  increasing  baffle  angle.  With  the  screen,  the  noise  level  is  comparable 
to  that  obtained  with  solid  walls. 

4.2  FLOW  GENERATION 

The  longitudinal  distributions  of  pressure  coefficient  at  the  sidewall  centerline  are  given 
in  Fig.  13  for  the  0-deg  baffle  without  screen  and  the  45-deg  baffle  with  screen.  At  subsonic 
Mach  numbers,  wall  divergence  would  alleviate  the  longitudinal  gradient  as  evidenced  by  the 
results  shown  in  Fig.  14.  However,  most  data  were  obtained  with  parallel  top  and  bottom 
walls.  The  effects  of  wall  configuration  on  the  pressure  distribution  at  Mc  =  1.2  are 
presented  in  Fig.  15.  Increased  baffle  angle  resulted  in  decreased  flow  uniformity  to  such  an 
extent  that  the  60-deg  baffle  was  deleted  from  the  remaining  test  plan.  The  degradation  in 
flow  uniformity  (at  constant  wall  angle)  with  increasing  baffle  inclination  is  distinctly 
illustrated  in  Fig.  16  using  the  figure  of  merit,  AMq^ .  Use  of  the  screen  overlay  generally 
improved  the  longitudinal  flow  uniformity  whereas  increased  baffle  depth  had  little  effect. 

The  difference  between  the  average  centerline  Mach  number  and  the  equivalent  plenum 
Mach  number  would  normally  be  used  as  the  tunnel  calibration  parameter.  The  effect  of 
wall  configuration  on  this  parameter  is  presented  in  Fig.  17.  One  of  the  desired  attributes  of 
any  wall  modification  is  that  the  change  in  tunnel  operating  parameters  be  minimal.  Baffle 
angle  changes  significantly  change  the  tunnel  calibration  parameter  whereas  application  of 
the  screen  overlay  tends  to  eliminate  the  effect  of  baffle  angle. 

4.3  WAVE  CANCELLATION 

The  pressure  distributions  on  the  wedge-plate  bottom  wall  are  illustrated  in  Fig.  18  for 
the  0-deg  baffle  without  screen  and  the  45-deg  baffle  with  screen  overlay.  If  the  ventilated 
wall  is  capable  of  wave  cancellation,  then  the  distribution  would  be  smooth  downstream  of 
the  shoulder  of  the  wedge  (station  13),  and  for  Mach  numbers  of  about  1.1  and  above  the 
ideal  distribution  would  be  a  constant  value.  For  these  two  wall  configurations,  reasonably 
good  wave  cancellation  is  evident  up  to  a  Mach  number  of  1.2. 
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The  effect  of  wall  configuration  on  the  wedge-plate  pressure  distributions  at  =  1 .2  is 
presented  in  Fig.  19.  The  relative  wave  cancellation  properties  of  the  individual  walls  can  be 
clearly  illustrated  by  the  figure  of  merit,  AMW,  as  shown  in  Fig.  20.  The  generally  optimum 
baffle  angle  for  wave  cancellation  is  zero,  although  some  slight  improvement  could  be 
obtained  if  baffle  angle  could  be  varied  as  a  function  of  Mach  number,  including 
downstream  inclination.  The  screen  overlay  tends  to  improve  the  wave  cancellation 
properties  whereas  baffle  depth  does  not  appear  to  be  a  significant  variable. 

4.4  WALL  CHARACTERISTICS 

As  discussed  in  Section  3.3,  the  characteristics  of  the  ventilated  walls  were  defined  by 
measuring  the  static  pressure  distribution  at  the  boundary  of  a  two-dimensional  flow  and 
then  computing  the  compatible  distribution  of  flow  angle  and  the  desired,  or  “interference- 
free,”  distributions  of  both  the  pressure  coefficient  and  flow  angle  in  the  vicinity  of  the 
ventilated  wall.  Representative  results  are  given  in  Fig.  21  for  the  0-deg  baffle  and  the  45-deg 
baffle,  the  latter  with  and  without  screen  overlay.  The  effect  of  the  screen  overlay  on  the 
wall  characteristics  is  shown  more  vividly  in  terms  of  the  Cp-d  locus  as  given  in  Fig.  22.  With 
the  screen,  the  characteristics  are  basically  linear,  whereas  without  the  screen  the 
characteristics  approach  the  condition  required  for  interference-free  flow.  This  effect  is 
quantified  in  Fig.  23  using  the  figure  of  merit,  A(Cp,0).  Use  of  variable  baffle  angle  at 
subsonic  Mach  numbers  would  apparently  yield  almost  a  twofold  reduction  in  wall 
interference  relative  to  the  0-deg  baffle  or  to  any  baffle  angle  with  screen  overlay. 

5.0  CONCLUDING  REMARKS 

An  experimental  investigation  was  conducted  to  document  the  acoustic  and  aerodynamic 
properties  of  baffle-slot  wall  configurations  with  and  without  screen  overlays. 

The  test  section  sound  pressure  level  was  a  minimum  for  the  0-deg  (normal)  baffle  and 
generally  increased  with  increasing  baffle  angle.  There  was  a  discrete  frequency,  resonant 
spike  for  the  15-deg  baffle  configuration  near  Mach  number  0.5  which  caused  a  significantly 
high  sound  pressure  level.  The  frequency  content  of  the  wall-induced  acoustic  disturbances 
which  contributed  to  the  test  section  overall  noise  level  was  predominantly  low  frequency  for 
baffle  angles  of  30  and  45  deg,  broadband  for  zero  baffle  angle,  and  generally  broadband 
for  15-deg  baffle  angle  with  some  discrete  high  frequency  tones.  The  wire  mesh  screen 
overlay  was  effective  for  suppressing  the  wall-induced  disturbances  for  all  the  baffle 
configurations  and  yielded  essentially  the  same  sound  pressure  level  as  the  solid  wall 
configuration. 
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In  summary,  increasing  baffle  angle  1)  adversely  affected  flow  generation  and  wave 
cancellation  properties  of  the  wall,  yet  2)  improved  subsonic  interference  properties  and  3) 
effected  significant  changes  in  the  wall  characteristic.  In  each  case,  however,  application  of 
the  screen  overlay  eliminated  baffle  angle  as  a  significant  variable. 
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Figure  4.  Top  and  bottom  wall  samples  for  the  acoustic  research  tunnel 
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Figure  5.  Tunnel  pressure  ratio  schedule 
for  Tunnel  IT. 
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b.  Overall  noise  level 

Figure  7.  Spectra  and  overall  noise  level  at  zero  baffle  angle. 
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Figure  14.  Effect  of  wall  angle  on  the  centerline 
static  pressure  distribution,  0=0, 

IVL  =  0.8,  screen  off. 
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Figure  17.  Effect  of  wall 
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Figure  18.  Representative  wedge  static  pressure  distributions. 
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Figure  19.  Effect  of  wall  configuration  on  the  wedge  static 
pressure  distribution,  Mc  =  1.2. 


39 


FIGURE  OF  MERIT,  AM 


AEDC-TR-79-59 


— — —  MEASURED 

-  INTERFERENCE  FREE 


TUNNEL  STATION,  in. 
a.  0  =  0,  without  screen 

Figure  21.  Representative  flow  angle  and  static  pressure 
distributions  at  the  ventilated  wall,  Mc  =  0.8. 
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b.  <p  ~  45  deg,  without  screen 
Figure  21.  Continued. 
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c.  <j>  =  45  deg,  with  screen 
Figure  21.  Concluded. 
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Figure  22.  Effect  of  screen  overlay  and  Mach  number  on  the 
wall  characteristic,  0  =  45  deg. 
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Figure  23.  Effect  of  wall  configuration  on  the  wall 
interference  alleviation  figure  of  merit. 
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NOMENCLATURE 

Static  pressure  coefficient,  (P  -  Pc)/qc 

Equivalent  plenum  Mach  number 

Tunnel  calibration  parameter 

Mach  number 

Static  pressure,  psfa 

Plenum  pressure,  psfa 

Equivalent  plenum  dynamic  pressure,  psf 

Root-mean-square  fluctuating  pressure  coefficient,  percent 

Wall  interference  alleviation  figure  of  merit  [see  Eq.  (7)] 

Flow  uniformity  figure  of  merit  [see  Eq.  (1)] 

Wave  cancellation  figure  of  merit  [see  Eq.  (2)] 

Flow  angle,  radians 
Tunnel  pressure  ratio 
Nondimensional  velocity  potential 
Baffle  angle,  deg  [see  Fig.  3] 
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